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PURPOSE: To obtain the Ni-base superalloy useful, e.g. for a rotary blade for aircraft gas turbine and 
castable into a single crystal product by specifying respective contents of Cr t Co, Mo, W, Ta f Cb, etc., 
and improving grain boundary strength. 

CONSTITUTION: The Ni-base superalloy has a composition consisting of, by weight, 7-12% Cr, 5-15% 
Co, 0.5-5% Mo, 3-12% W, 2-6% Ta, 2-5% Ti, 3-5% Al, 0-2% Cb, 0-2% Hf, 0.03-0.25% C, 0.002-0.05% B, and 
the balance Ni. In this Ni-base superalloy, low-angle grain boundary resistance is improved, and also 
the balance between cycle oxidation and high temp, corrosion resistance can be improved by the 
increase in the ratio between C and Hf and the ratio between Al and Ti. 
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CLAIMS 



[Claim(s)] 

[Claim 1] With a percent by weight, intrinsically 7-12% of chromium, 5-15% of cobalt, 0.5-5% of 
molybdenum, 3-12% of tungsten, 2-6% of tantalum, Nickel radical-superalloy whose remaining components 
it has 2-5% of titanium, 3-5% of aluminum, 0-2% of columbium, 0-2.0% of hafnium, 0.03-0.25% of carbon, 
and 0.002-0.050% of boron component, and are nickel and a subordinate impurity. 
[Claim 2] With a percent by weight, intrinsically 7-10% of chromium, 5-10% of cobalt, 1-3% of 
molybdenum, 4-8% of tungsten, 3-5% of tantalum, 3-4% of titanium, 4-4.5% of aluminum, 0-1% of 
columbium, ** whose remaining components it has 0.05-0.5% of hafnium, 0.03-0.1% of carbon, and 0.002- 
0.020% of boron component, and are nickel and a subordinate impurity Superalloy of **** 1 publication. 
[Claim 3] With a percent by weight, intrinsically 9.5-10.0% of chromium, 7.0-8.0% of cobalt, 1.3-1.7% of 
molybdenum, 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of titanium, 4.1-4.3% of aluminum, 
Superalloy according to claim 2 whose remaining components it has 0.4-0.6% of columbium, 0.1-0.2% of 
hafnium, 0.05-0.07% of carbon, and 0.003-0.005% of boron component, and are nickel and a subordinate 
impurity. 

[Claim 4] With a percent by weight, intrinsically 7-12% of chromium, 5-15% of cobalt, 0.5-5% of 
molybdenum, 3-12% of tungsten, 2-6% of tantalum, 2-5% of titanium, 3-5% of aluminum, 0-2% of 
columbium, Nickel radical-superalloy which has 0-2.0% of hafnium, 0.03-0.25% of carbon, and 0.002- 
0.050% of boron component, and has the low angle grain boundary resistance whose remaining components 
are nickel and a subordinate impurity, and in which it has been improved for single crystal product 
manufacture. 

[Claim 5] Intrinsically, it is 7-10% of chromium at a percent by weight. 5-10% of cobalt, 1-3% of 
molybdenum, 4-8% of tungsten, 3-5% of tantalum, Superalloy according to claim 4 whose remaining 
components it has 3-4% of titanium, 4-4.5% of aluminum, 0-1% of columbium, 0.05-0.5% of hafnium, 
0.03-0.1% of carbon, and 0.002-0.020% of boron component, and are nickel and a subordinate impurity. 
[Claim 6] With a percent by weight, intrinsically 9.5-10.0% of chromium, 7.0-8.0% of cobalt, 1.3-1.7% of 
molybdenum, 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of titanium, 4.1-4.3% of aluminum, 
0.4-0.6% of columbium Superalloy according to claim 5 whose remaining components it has 0.1-0.2% of 
hafnium, 0.05-0.07% of carbon, and 0.003-0.005% of boron component, and are nickel and a subordinate 
impurity. 

[Claim 7] The overall presentation of a single crystal product with weight percent intrinsically 7-12% of 
chromium, 5-15% of cobalt, 0.5-5% of molybdenum, 3-12% of tungsten, 2-6% of tantalum, 2-5% of 
titanium, 3-5% of A RUMINIUMU, 0-2% of columbium, 0-2.0% of hafnium, 0.03-0.25% of carbon, And 
the single crystal product all whose low angle grain boundaries that are the presentations of the nickel 
radical-superalloy whose remaining components it is 0.002-0.050% of boron component, and are nickel and 
a subordinate impurity, and exist in the above-mentioned product are about 0 degrees or more. 
[Claim 8] The product according to claim 7 the range of all whose low angle grain boundaries that exist in a 
product is about 0 to about 20 degrees. 

[Claim 9] The product according to claim 8 which is the profile member of a gas turbine engine. 
[Claim 10] With a percent by weight, intrinsically 7-10% of chromium, 5-10% of cobalt, 1-3% of 
molybdenum, 4-8% of tungsten, 3-5% of tantalum, 3-4% of titanium, 4-4.5% of aluminum, 0-1% of 
columbium, 0.05-0.5% of hafnium, 0.03-0.1% of carbon, and 0.002-0.020% of boron component — having - 
- the remaining components — nickel and a subordinate impurity — a product [ from ] according to claim 7. 
[Claim 11] With a percent by weight, intrinsically 9.5-10.0% of chromium, 7.0-8.0% of cobalt, 1.3-1.7% of 
MORI BUDEN and 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of titanium, 4.1-4.3% of 
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aluminum, 0.4-0.6% of columbium Product according to claim 7 whose remaining components it has 0.1- 
0.2% of hafnium, 0.05-0.07% of carbon, and 0.003-0.005% of boron component, and are nickel and a 
subordinate impurity. 

[Claim 12] The overall presentation of a product with weight percent intrinsically 7-12% of chromium, 5- 
15% of cobalt, 0.5-5% of molybdenum, 3-12% of tungsten, 2-6% of tantalum, 2-5% of titanium, 3-5% of 
aluminum, The product the part of whose it has 0-2% of columbium, 0-2.0% of hafnium, 0.03-0.25% of 
carbon, and 0.002-0.050% of boron component, and is the nickel radical-superalloy whose remaining 
components are nickel and a subordinate impurity, and is a single crystal at least. 

[Claim 13] The product according to claim 12 all whose low angle grain boundaries that exist in the above- 
mentioned single crystal part are about 0 degrees or more. 

[Claim 14] Claim 13 publication the range of all whose low angle grain boundaries that exist in the above- 
mentioned single crystal part is about 0 to 20 degrees Product. 

[Claim 1 5] The product according to claim 1 3 which is the profile member of the gas turbine engine which 
the profile member becomes from the above-mentioned single crystal part at least. 
[Claim 16] With a percent by weight, intrinsically 7-10% of chromium, 5-10% of cobalt, 1-3% of 
molybdenum, 4-8% of tungsten, 3-5% of tantalum, 3-4% of titanium, 4-4.5% of aluminum, 0-1% of 
columbium, The product according to claim 13 with which it has 0.05-0.5% of hafnium, 0.03-0.1% of 
carbon, and 0.002-0.020% of boron component, and the remaining components consist of nickel and a 
subordinate impurity. 

[Claim 17] With a percent by weight, intrinsically 9.5-10.0% of chromium, 7.0-8.0% of cobalt, 1.3-1.7% of 
molybdenum, 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of titanium, 4.1-4.3% of aluminum, 
0.4-0.6% of columbium Claim 16 whose remaining components it has 0.1-0.2% of hafnium, 0.05-0.07% of 
carbon, and 0.003-0.005% of boron component, and are nickel and a subordinate impurity Product of a 
publication. 

[Claim 18] An overall presentation with a percent by weight intrinsically 7-12% of chromium, 5-15% of 
cobalt, 0.5-5% of molybdenum, 3-12% of tungsten, 2-6% of tantalum, The product which is the nickel 
radical-superalloy whose remaining components it has 2-5% of titanium, 3-5% of aluminum, 0-2% of 
columbium, 0-2.0% of hafnium, 0.03-0.25% of carbon, and 0.002-0.050% of boron component, and are 
nickel and a subordinate impurity. 

[Claim 19] The product according to claim 18 obtained by directional solidification. 
[Claim 20] The product according to claim 1 8 cast in the conventional approach. 

[Claim 21] The above-mentioned presentation with a percent by weight intrinsically 7-10% of chromium, 5- 
10% of cobalt, 1-3% of molybdenum, 4-8% of tungsten, 3-5% of tantalum, 3-4% of titanium, 4-4.5% of 
aluminum, 0-1% of columbium, 0.05-0.5% of hafnium, 0.03-0.1% of carbon, and 0.002-0.020% of boron 
component — having — the remaining components — nickel — and subordinate — impure Product according 
to claim 18 which consists of an object. 

[Claim 22] The above-mentioned presentation with weight percent intrinsically 9.5-10.0% of chromium, 
7.0-8.0% of cobalt, 1.3-1.7% of molybdenum, 5.75-6.25% of tungsten, 4.6-5.0% of tantalum, 3.4-3.6% of 
titanium, 4.1-4.3% of aluminum, The product according to claim 18 whose remaining components it has 
0.4-0.6% of columbium, 0.1-0.2% of hafnium, 0.05-0.07% of carbon, and 0.003-0.005% of boron 
component, and are nickel and a subordinate impurity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Invention which indicates here and charges protection has invention and relation which indicated for the 
application number No. 307,819 received by the United States patent agency on October 2, 1981, and 
charged protection. 
(Field of the invention on industry) 

Generally, this invention relates to the nickel radical-superalloy useful to the high temperature member, 
especially revolution blade (rotating blade) of an aircraft gas turbine engine which can be cast as a single 
crystal product. 
(Prior art) 

The effectiveness of a gas turbine engine is greatly influenced by the operating temperature of various 
engine components, and effectiveness will become good if operating temperature becomes high. The heat- 
resistant superalloy which can maintain the property of a fundamental ingredient by research for gathering 
effectiveness, bearing an elevated temperature increasingly came to be developed. Moreover, the blade 
(blade) and blade (vane) which cool efficiently the ingredient used in order to induce a complicated casting 
cavernous configuration, for example, such a configuration, also from demand of wanting to make operating 
temperature high increasingly, to altitude came to be developed. 

In casting used for the early nickel radical-superalloy by the usual casting usually called nickel radical- 
superalloy, the part which consists of many (non-orientation) homaxial single crystals (particle) which 
generally have a grain boundary between particles, and which turned to the random sense arose 
crystallographically. 

A grain boundary is the field of structure [-less orientation / degree / of pole ], and the width of face is useful 
to that (accommodate) which adjusts the crystallographic orientation difference between the particles which 
pass and adjoin by several times the atomic diameter (crystallographic orientation difference). 
Angle-of-elevation grain boundary (hugh angle grain boundary:HAB) 

****__ generally the crystallographic orientation difference between the adjoining particles is considered to 
be the boundary of about 5 - 6 or more degrees. It is [ cm ] the field of the high surface energy of the order 
of two hundreds of erg /, and it is the location of misfit (misfit) random to the degree of pole, so that neither 
explanation of structure nor modeling can make it easy in an angle-of-elevation grain boundary. An angle- 
of-elevation grain boundary is extremely rich in a fluidity for the height of such energy, and randomness, 
and since it is the location from which it is easy to start solid-state reactions, such as diffusion, 
sedimentation, and phase transition, an angle-of-elevation grain boundary plays a role important for 
deformation, the crushing property, and chemical property (for example, resistance over oxidation or high 
temperature corrosion) of a polycrystal metal. 

Moreover, the high energy of HAB, and since it is disorderly, the atom of an impurity can be selectively 
drawn near to the direction of an angle-of-elevation grain boundary (segregating), and the concentration of 
the atom of the impurity in a grain boundary may become larger several figures than the concentration of the 
atom of the same impurity in a particle. If such high impurity atom concentration exists in an angle-of- 
elevation grain boundary, chemical property may also sometimes be changed [ metaled / mechanical and ] 
further. For example, with nickel radical-superalloy, they are lead and a bismuth. It is the harmful impurity 
which segregates to a grain boundary. In an elevated temperature, also in a minute amount (namely, several 
ppm), this kind in a nickel radical-superalloy grain boundary of impurity spoils a mechanical property (for 
example, stress disruptive strength), and, generally destruction is produced in a grain boundary. 
Generally in contrast with the angle-of-elevation grain boundary, the low angle grain boundary (low angle 
grain boundary) called a subgrain community (subgrainboundary) is considered that the crystallographic 
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orientation difference between the adjoining particles is boundary about 5 degrees or less. However, the 
classification as an angle-of-elevation grain boundary or a low angle grain boundary should care about the 
point which may change with engines which classify again by people. About the case called low angle grain 
boundary (LAB) considered that the orientation difference which crosses a boundary becomes 1 degree or 
less where it is limited, the boundary can be explained about the normal array (regulararray) of ****** 
(edge dislocation) (tilt boundary), i.e., a dip boundary, (modeling). Although a mismatch (mismatch) is a 
thing between all contiguity particles technically and it is not the thing of ** and boundary itself, as for 
extent of a mismatch, a boundary usually pulls against each other. Since it is taken out for being, vocabulary 
called a 5-degree low angle grain boundary shall be used as an acceptance word here, for example. 
There is far advanced order in a low angle grain boundary, and it has surface energy lower than an angle-of- 
elevation grain boundary. For advanced order and low surface energy, a fluidity is low, attraction of an 
impurity atom decreases, and, for this reason, mechanical and the effectiveness exerted on chemical 
property decrease compared with an angle-of-elevation grain boundary. Therefore, although the desirable 
conditions of what kind of grain boundary are not made, if a low angle grain boundary is compared with an 
angle-of-elevation grain boundary, it can be said that it is desirable. 

The improvement of the capacity of the usual superalloy which bears an elevated temperature was attained 
by development of an alloy and the improvement of processing technique, without spoiling other required 
properties, such as reinforcement and oxidation resistance. These improvements were produced according to 
the conclusion that the important property of the reinforcement and others of this kind of superalloy is 
dependent on the reinforcement of a grain boundary. Early efforts are carbon (C) and boron because of the 
improvement of this kind of usual superalloy. (B), a zirconium (Zr), and hafnium Various kinds of crystal- 
stressing elements, such as (Hr), are added, and it is a grain boundary. It was turned to strengthening, 
this — then, the improvement of the usual nickel radical-superalloy by carrying out selection orientation of 
the grain boundary so that it may be in agreement towards growth or compression was started. The pillar- 
shaped particulate structure of the long and thin (pillar-shaped) particle by which orientation was generally 
carried out in the single crystallographic direction in the selection orientation of a grain boundary is 
produced, and the grain boundary which crosses the direction of growth or compression will be made into 
min, or it will lose. Used directivity compression (directional solidificationiDS) 

Processing was used for other objects, such as a****** magnet and a particle orientation silicon steel plate 
for transformers. The processing is explained to U.S. Pat. No. 3,897,815 by SUMASSHI (Smashey), and 
amelioration is added. The content of disclosure of all the United States patents quoted here is adopted as 
reference. 

Compared with the usual casting superalloy article, since the grain boundary which crosses the direction of 
compression was lost, or it considered as min and a pillar-shaped particle was equal to a principal stress 
shaft (principal stress axis) at parallel, the article by which directivity compression (DS) was carried out 
showed strong buildup, moreover, ** of desirable particle orientation ** — other properties, such as ductility 
and low cycle fatigue resistance, improved by DS. However, the longitudinal direction had reinforcement 
and ductile lowering by the existence of the pillar-shaped grain boundary of the die-length direction of a 
product by which DS was carried out still in this way. 

The attempt which is going to improve the longitudinal direction grain boundary reinforcement of this kind 
of alloy, using Hf, C, B, and Zr as an additive was performed about usual homaxial nickel radical-superalloy 
before. However, since it acted as a lowering agent of the melting point and the constraint to heat treatment 
was produced when adding these elements to the large quantity, the maximum reinforcement was not able to 
be made inside this kind of directivity compression superalloy. 

Recognition that it cast in various configurations by using a product as a perfect single crystal, and a grain 
boundary could completely be lost temporarily was made. The next logical phase was losing the angle-of- 
elevation grain boundary which extends in the die-length direction looked at by the product by which 
changed processing so that compression of the superalloy as a single crystal might be enabled, and DS ? s was 
carried out before. 

Having been conventionally taught by single crystal alloy metallurgy avoids elements, such as boron, a 
zirconium, and carbon. It was ****** and was lessening a content as much as possible in the case of 
commercial melting, the custom of alloying, and a technique. For example, U.S. Pat. No. 3,494,709 
Then, it has advocated describing the harmful effectiveness of B and Zr and restricting these elements to 
0.001% and 0.01%, respectively. In U.S. Pat. No. 3,567,526, it is being explained by removing C thoroughly 
that the fatigue property of a single crystal superalloy article is improvable. 

The homogeneous single crystal nickel radical-superalloy which is said for mechanical properties, such as 
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time amount which results in a creep and crushing, to be [ / the nickel radical-superalloy containing Co, C, 
B, and Zr of the same kind ] excellent in U.S. Pat. No. 4,1 16,723 and which does not add Co, B, Zr, and C 
intentionally is indicated. In it, about 0.5% or less, cobalt will be pressed down to 0.2% or less, if it can do, 
and what formation of the harmful choked phase (topologically close packed phase:TCP) (for example, rho 
and mu) closed in phase should be eliminated for is taught. In it, they are also carbon, boron, and one 
element of the group throat of a zirconium further. 50 ppm or more must not exist, if it can do, the total 
amount of this kind of impurity will be held down to 100 ppm or less, and the most desirable one's setting to 
30 ppm or less, and B and Zr are explaining what should be held to 20 ppm or less. In any case, it is being 
explained that carbon must be pressed down in the amount of the following which can form MC mold 
carbide. Then, in U.S. Pat. No. 4,209,348, it is announced that TCP is not formed even if it is contained in 
single crystal nickel radical-superalloy, if it is 3 - 7% of Co. 

Another object which restricts C, B, and Zr is by raising dissolution initiation temperature in relation to 
gamma 1 phase fusion (gamma prime solvus) temperature to enable the perfect dissolution of gamma' phase 
timely, without causing the local dissolution of the field which was rich in the solute. However, for this kind 
of it being effective for casting of a single crystal product to add a small amount of hafnium of U.S. Pat. No. 
4,402,772 to nickel radical-superalloy of a certain kind recently, for example, product, the temperature 
requirement between gamma' phase melting out temperature and dissolution initiation temperature is from 
what is depended on a Prior art. Improving many properties for the purpose of becoming, and improving 
heat treatability came to be admitted. 
(Outline of invention) 

The nickel radical-superalloy which has the low angle grain boundary resistance in which it has been 
improved for single crystal product manufacture by this invention is offered. It comes out of the boron of the 
amount adjusted although the improvement of low angle grain boundary resistance was little in contrast with 
[ the nickel radical-superalloy suitable for casting as a single crystal product ] the doctrine of a Prior art, 
carbon, and discovery that it turned out that it is possible and this is mainly suitably based on an 
improvement of grain boundary reinforcement by addition of a hafnium. Moreover, as for the superalloy of 
this invention, cycle oxidation (cyclic oxidation) and balance of elevated-temperature corrosion resistance 
are also mainly improved by the increment in carbon, a hafnium, and an aluminum pair titanium ratio. 
As one result of enhancement of this grain boundary reinforcement, the mismatch (mismatch) of a far bigger 
grain boundary than the limitation of 6 degrees to the single crystal superalloy by the Prior art can also be 
borne in the nickel radical-superalloy of this invention. If it puts in another way, it will be **, for example. 
Since it is not necessary to depend on the X-ray technique to which a ** increases and the grain boundary 
covering the large range can be accepted by the usual detection method, an inspection fee will be cheap and 
will end. 

The nickel radical-superalloy of this invention is useful especially when directivity compression is carried 
out as the high temperature member, especially revolution blade of an aircraft gas turbine engine 
(directionally solidified). 

Speaking generally, substantially the single crystal superalloy of this invention by the weight ratio 
Abbreviation, 7-12% of chromium, 5-15% of cobalt, 0.5-5% of molybdenum, 3-12% of tungsten, 2-6% of 
tantalum, 2-5% of titanium 3-5% of aluminum, It has 0-2% of columbium, 0-2.0% of hafnium, 0.03-0.25% 
of carbon, and 0.002-0.050% of boron component, and the remaining components are nickel and a 
subordinate impurity (incidental impurities). 
(Example) 

The nickel radical-superalloy which can be cast as a single crystal is the profile member, for example, the 
revolution blade, and quiescence blade (stationary vane) of the high temperature section of an aircraft gas 
turbine. It is usually used for manufacture. This kind of blade member 10 is typically shown in drawing 1, 
and contains a base (or bottom section) 12 (in order to attach in a disk, it has machined in the shape of "a 
tree (fir-tree) to rub"), the platform section 14, and the profile part 16 curved aerodynamically. The unit or 
two or more paths of the fluid (generally air) which circulates during operation of a turbine through this 
again to the blade member 1 0, and cools a blade are prepared. It extrudes from the hole put on the front end 
and the back end, and a fluid is a profile part. The surface cooling effectiveness by the laminar flow of the 
front face of 16 is brought about in many cases. Since this kind of cooling means is well-known and is not 
required of the technical field concerned because of an understanding of this invention, a detail cannot be 
touched here. The technique of directivity casting of this kind of blade is also well-known as shown in U.S. 
Pat. No. 3,494,709, and it is not explained in full detail here. 

Usually, the solidified blade member 10 is the direction of existence of a grain boundary and axial growth 
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following the directivity compression which advances downward which is shown by the arrow head 1 8 
toward a base 12. (axial growth direction) It is inspected for the check of 18. Although the direction of axial 
growth is searched for by X-ray analysis (Laue method of usually common knowledge), about nickel 
radical-superalloy, it is desirable that it is ** 15 degrees from [001] crystal orientations. 
Until now, with the single crystal blade 1 0, as the mismatch between contiguity particles was typically 
shown in 20, only a low angle grain boundary called the mismatch to about 6 degrees of maxes was 
permitted. Generally, if it is the skilled watcher, LAB of 0-3-degree order is visually detectable. However, 
when becoming a maximum-permissible mismatch to about 6 degrees, dependability had to become low and 
the measurement by viewing had to look at the Laue pattern (Laue pattern) which appears in the either side 
of the boundaries in question. The Laue pattern method is not so expensive, and according to the custom of 
the present single crystal inspection, generally, it is required that 3-4 Laue patterns should be taken for every 
casting. Current also has the uncertainty of detection of a low angle grain boundary in a part, and the yield 
of casting is only about 45 to 55%. 

A new single crystal superalloy group will be produced by addition of the boron of the amount adjusted 
although the nickel radical-superalloy which now fits casting as a single crystal product was little, carbon, 
and a proper hafnium. 

It is that the main advantages according to this discovery in addition to an improvement of cycle oxidation 
and balance between elevated-temperature corrosion resistance are [ the low angle grain boundary in the 
single crystal product built with the superalloy of this invention ] firmer than the single crystal product by 
the Prior art. Therefore, LAB which has a mismatch 6 degrees or more compared with it having been 
presupposed that about 6 degrees of maxes were permissible is also permitted and received with this kind of 
product before. 

The increment in the yield of the product which can reduce and permit an inspection fee is based on an 
improvement of the above-mentioned low angle grain boundary resistance. He can understand that neither 
LAB nor HAB exists in true "single crystal." However, further, since one and two low angle grain 
boundaries exist, in addition, they must touch on a single crystal to the single crystal discussed here. 
As mentioned above, single crystal products, such as a blade 10, confirm orientation (orientation). It 
accumulates and applies to an X-ray test, and a visual inspection is conducted in order to confirm the 
existence of an angle-of-elevation grain boundary. In order that the new superalloy of this invention may 
confirm orientation, an X-ray test is performed, but in order to distinguish LAB and HAB, it is expected that 
a required X-ray test can be decreased or omitted substantially. 

If it puts in another way, the acceptance marginal resistance of LAB by the visual inspection will increase 
about the profile member built with the new superalloy of this invention from about zero to 3 " to about zero 
to 9 ", and it will be expected that the Laue measurement is needed only about grain boundary about 9 
degrees or more. Please note that the mismatch of a big grain boundary is permitted compared with about 6- 
degree mismatch permitted with the alloy by the conventional technique in new superalloy. Anything does 
not have a limit, concerning a grain boundary in a base and a platform part. That is, the grain boundary 
reinforcement of the product built with the superalloy of this invention is increasing, and HAB is also 
permissible if it stands on recognition that a platform part and a base have low temperature, compared with a 
profile part, therefore, the "single crystal product" said here — at least — the part — the property of a "single 
crystal" — ** It shall have obtained. It is expected that the presumed casting yield (estimated casting yield) 
of the product built with new superalloy on the whole rises to 75 to 85%. 

Therefore, it is understood that the superalloy of this invention owns many properties which were excellent 
even if the angle-of-elevation grain boundary by which orientation was carried out to the whole product 
even if as a result of processing by DS technique was generated. The superalloy of this invention is built 
with the usual casting (conventionally casticc), and even if it produces two or more random orientation 
particles which had an angle-of-elevation grain boundary between them, many of these outstanding 
properties are expectable. 

Therefore, it has the improved low angle grain boundary resistance by this invention, and it contains by the 
percentage which sets chromium, cobalt, molybdenum, a tungsten, titanium, aluminum, columbium, a 
hafnium, carbon, boron, and a hafnium to the following table [ Ith ] intrinsically (weight) (request), and the 
nickel radical-superalloy with which a residual component consists of nickel and a subordinate impurity is 
offered. 
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The upper part of the slab-like (slab-like) ingot 30 by which directivity compression was carried out at the 
sense of arrow-head 18 ! is typically shown in drawing 2 in order to build the sample for a trial. The built 
sample was a single crystal which does not have LAB or has LAB20' parallel to direction 1 8' of at least one 
compression, or was an ingot which has two or more HAB(s) (not shown) parallel to direction 1 8 1 of 
compression by the usual DS processing. Although the ingot which has two or more HAB(s) by which 
orientation was carried out is the same DS processing, it will be able to be built for it to be also alike without 
using a technique required to build a single crystal, and it will be simply called DS or DS' ingredient here. 
For the comparison, some of alloys of the Ith table performed the usual casting, and they built the ingot with 
two or more non-orientation particles which have an angle-of-elevation grain boundary between particles. 
The heat-treating method used so that duplex gamma' structure (duplexgamma prime structure) might be 
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expressed sufficiently thoroughly about the superalloy of this invention Thus, the ingot (or product) by 
which DS processing was carried out is slowly heated at about 2310 degrees F. It holds to this temperature 
for about 2 hours, and is a gamma dash phase. After making it the solid solution, it cools to about 1975 
degrees F or less at the rate of 100 to 150 degrees F. [/m ] Subsequently, it cools to about 1200 degrees F at 
the rate of about 75 to 150 degrees F per minute, it reheats to about 1975 degrees F over about 1 hour, and 
cools to about 1200 degrees F at the rate of about 75 to 150 degrees F per minute, and it heats at about 1650 
degrees F over about 16 hours, and, finally cools to ambient temperature. 

The above-mentioned sample for measuring a physical property was built with the part 32 of the shape of a 
rod which crossed compression approach 18 f of the heat-treated ingot, and was taken by the usual approach. 
Each single crystal sample from a part 32 contained one LAB of the known orientation decided by X-ray 
analysis, excluding LAB. Similarly, the sample from the slab by which DS processing was carried out 
included the non-orientation (randomly oriented) particle of plurality [ sample / from the slab of controlled 
cooling ], and the non-orientation angle-of-elevation grain boundary including two or more orientation 
particles and orientation angle-of-elevation grain boundaries. 

the [ drawing 3 and ] — if an III table is seen, that it is advantageous to the stress disruptive strength of a 

single crystal will find out boron against the knowledge by the conventional technique — having — carbon — 

from book It turns out that LAB which exists in the single crystal built with the alloy of ** is strengthened. 

the [ drawing 3rd / the / and 4 and ] — the [ III and ], although "percentage of a perfect-crystal life (% of 

Perfect Crystal Life)" is shown in IV table This is the stress destructive life of the alloy of the base 

presentation (the II table) by which DS processing was carried out so that LAB might not be formed. About 

the direction of DS, and its right-angled (and the stress axis of a sample (stress axis) parallel) [110] 

direction, it was examined on condition that the same stress as the superalloy compared with it, and 

temperature, and was used as a comparative criterion. Moreover, for the comparative object, it is the sample 

of the base presentation which has LAB which showed extent of a mismatch, and the stress destructive life 

of the sample of the base presentation under DS processing conditions is shown in some tables. 
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It is shown in drawing 4 that the superalloy of this invention has the stress disruptive strength which was 
excellent compared with usual single crystal superalloy in all the mismatch angles to 0 to 18 degrees. 
Similarly, the mismatch angle of twice [ about ] as many magnitude as this can be borne rather than the 
according [ on all the percentage level of a destructive life and / the superalloy of this invention ] to Prior art 
although there is nothing single crystal superalloy which is LAB bears and it obtains, the — even if DS 
processing is carried out so that HAB may be formed as shown in IV table, the superalloy of this invention 
has the outstanding stress disruptive strength. 
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the — V — a table — Mach — one — gas — a rate — it can set — natural gas — flame — using — a table — being 
shown — conditions ~ the bottom — having carried out — coating carrying out -- having — **** — one — /- 
- four - an inch — x — three — an inch ~ (— one — /-- four ~ ' ~ 1 ~ x — three — 1 — 1 — ) — being long — a 
round head — a pin — a sample — being related — a cycle — an oxidation test — a result — it is . Since it was 
exposed uniformly, it was made to rotate, and the sample repeated the cycle which takes out from flame 
once in 1 hour, and is cooled to a room temperature. Outside metal loss was measured about the part which 
cut off the die-length direction of a sample horizontally. 

The difference of the diameter of the pin before and behind a trial was divided by 2, and the metal loss per 
each side face searched for it. The data of a table are the average of the measured value of two diameters 
which intersect the right angle of a sample. 

The data of the Vth table are shown in drawing 5 in a graph. Although the more typical alloy BB of the 
cycle oxidation resistance of the superalloy of this invention is not better, the oxidation resistance of the 
superalloy of this invention shows the improvement which can be satisfied enough and exceeds a base alloy 
and the oxidation resistance of R 125. It is thought that it is because the oxidation resistance improved 
compared with the base superalloy of the superalloy of this invention mainly enlarged the aluminum pair 
titanium ratio. It will be ** of a hafnium if heat (heat) 44 and the data of 49/50 are compared. The cycle- 
proof oxidizing quality is good further by **. 
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the — the result of the high temperature corrosion test about the sample of the long round-head pin of 1/8 
inch x2 NCHI (l/8"x2") which was performed under the conditions shown in a table using the combustion 
flame of JP-5 fuel which added only ppm which had the salt shown in products of combustion and by which 
coating is not carried out is shown in VI table. Since it was exposed uniformly, it was made to rotate, and 
the sample repeated the cycle which will take out from flame once on the 1st and is cooled to a room 
temperature, the — the data of VI table give elevated-temperature corrosion resistance — being alike — 
carbon needs to exist in the superalloy of this invention and it is shown that the elevated-temperature 
corrosion resistance of the superalloy of this invention is superior to Alloys AA and BB. Therefore, when 
the superalloy of this invention mainly enlarged the aluminum pair titanium ratio of a base alloy for carbon 
and a hafnium, cycle oxidation and balance between the resistance over high temperature corrosion are 
improved. 
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Boron and carbon of an amount which were adjusted although it was little, And the concept of invention 
hung up over here [ of improving the low angle grain boundary resistance of the nickel radical-superalloy 
suitable for adding a hafnium optionally and casting as a single crystal product ] is applicable to other nickel 
radical-single crystal superalloy. Since there is actual evidence of** It will be understood that it can carry 
out to the activity which is in invention which described various kinds of modification and alterations which 
were not mentioned to especially here here, and was described here without separating from the pneuma of 
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invention decided by especially the generic claim. 
[Translation done.] 
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